Abstract. In this report one of the methods used for the luminosity determination for the experiment performed by WASA Collaboration to search for 3 He-η mesic nuclei is presented. The method is based on the analysis of pd → 3 Heη process.
Introduction
Although strongly bound η-and η -mesic nuclei, being one of the hottest topics in nuclear and hadron physics, have been postulated many years ago [1] , until now their existence has not been experimentally confirmed. Signals measured so far might be only interpreted as an indications of the η-and η -mesic bound states [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Recently, several theoretical and experimental studies [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] are ongoing.
One of the most recent and most promising experiments dedicated to search for η-mesic Helium nuclei has been performed by the WASA-at-COSY Collaboration at the Forschungszentrum Jülich. The measurements were carried out with high statistics and high acceptance with the WASA detection setup in deuteron-deuteron ( 4 He-η) [35, 36] and proton-deuteron ( 3 He-η) [44] fusion reactions. During experiments, the beam momentum was changed slowly and continuously around the η production threshold in each of the COSY acceleration cycles. This allowed us to search for the bound states via the measurement of the excitation functions for chosen decay channels. The analysis dedicated to search for 4 He-η mesic nuclei in dd → Hepπ − processes results in the upper limits of the total cross section at 90% confidence level equal to about 3 nb and 6 nb, respectively [35] .
The search for He-η bound states [37, 44] are searched for via studies of the excitation functions for processes corresponding to the three mechanisms: (i) absorption of the η meson by one of the nucleons, which subsequently decays into N * -π pair e.g.: pd → ( 3 He-η) bound → pppπ − , (ii) decay of the η -meson while it is still "orbiting" around a nucleus e.g.: pd → ( meson absorption by few nucleons e.g.: pd → ( 3 He-η) bound → ppn. Almost two weeks of measurement brought the world's largest data sample for 3 He-η. The total integrated luminosity and also its dependence on the excess energy above the η production threshold was estimated based on the pd → 3 Heη process. In this contribution we present the procedure of the luminosity calculation.
Luminosity determination based on pd → 3

Heη with WASA-at-COSY detector
The luminosity determination in the excess energy range is crucial for the normalization of the experimental excitation functions. The luminosity is obtained from the analysis of the reaction that has a known cross section and allows one to calculate cross sections for other measured processes after obtaining the amount of events.
The experimental luminosity can be determined in the whole beam momentum range based on pd → ppn spec reaction and, in addition, it can be also determined based on the pd →
3
Heη reaction in the range above the η production threshold (Q3 Heη > 0). The whole Q3 Heη range from −70 to +30 MeV was divided into 40 bins, each one with the width of 2.5 MeV.
Luminosity estimation from the pd → He ions is the largest. The kinetic energy is determined from a fit of θ(E kin ) spectrum obtained from Monte Carlo simulation with a formula:
where f 0 and f 1 are squared functions of the scattering angle θ: The fit contains six free parameters. For data, the beam momentum is obtained as a function on accelerator's time-in-cycle that precisely describes the momentum changes but contains unknown offset. It was also assumed that the kinetic energy for data may differ from the reconstructed value by a small correction constant. These two constants were obtained from kinematic distributions (Fig. 1) comparing positions of E − θ distributions for simulation and data. The values obtained this way are equal to o f f P = 4.6 MeV/c and o f f E = 2 MeV.
For obtaining the amount of events corresponding to η creation, the 3 He missing mass spectra have been analyzed for each excess energy Q3 Heη intervals. These events are visible as a peak around the value equal to the mass of the η meson. The value of integrated luminosity for each Q3 Heη bin was obtained from the formula L = N σ , where the amount of events N is extracted from the η creation peak area (Fig. 2) , the acceptance is determined based on Monte Carlo simulation (Fig. 3 ) and the total cross section σ is taken from other experiments [10] . The obtained integrated luminosity for each Q3 Heη bin is shown in Fig. 4 . Total integrated luminosity of about 3 pb −1 was estimated for whole excess energy range assuming that excess energy intervals for Q3 Heη < 0 have the same values as determined for Q3 Heη > 0 (about 50 nb −1 ) and taking into account the amount of data that has not been analyzed yet. If we estimate the time of measurement as 10 6 s then obtained value of average luminosity becomes 3 10 30 cm −2 s −1 . This value is in agreement with value given in the proposal [44] . 
Summary
One of two planned luminosity determination analyses for the experiment performed with WASA-at-COSY to search the 3 He-η bound states in proton-deuteron fusion has been carried out. The analysis was performed for the pd → 3 Heη reaction. The estimated value of average luminosity is equal to 3 10 30 cm −2 s −1 and is in agreement with value presented in proposal [44] . The obtained luminosity will be used for the normalization of the excitation functions for processes in which the 3 He-η nuclei are searched for. The data analysis is in progress. The estimated integral luminosity value for this experiment is about 3 pb −1 and is the best statistics ever gathered for such experimental conditions.
